Objective: The study objective was to test whether engaging in an online patient community improves self-management and self-efficacy in veterans with epilepsy.
patients can benefit from "expert patients" who can suggest practical advice on how to live well with their disease or have better conversations with health care professionals. 13, 14 A patient-powered research network, PatientsLikeMe (PLM), provides an epilepsyspecific support system, as well as digital tools for tracking seizures, symptoms, medications, and comorbidities. An earlier study of the PLM platform suggested that patients experienced self-reported benefits including symptom management, medication adherence, and improved care, with the greatest predictor of benefits being the number of other patients with whom they shared a social connection. 14 However, this study was a cross-sectional retrospective survey without validated measures.
We sought to conduct a prospective study with a defined population of US veterans with epilepsy using validated survey measures of selfmanagement and self-efficacy to determine the effectiveness of PLM. We hypothesized that an unstructured exposure to PLM would demonstrate statistically significant improvements in both self-management and self-efficacy.
METHODS Primary research question. Does participation in an online patient community improve validated metrics of selfmanagement and self-efficacy in veterans with epilepsy? This study provides Class IV evidence that 6 weeks of participation in a patient-driven, online community increases scoring on validated surveys for epilepsy self-management and self-efficacy. Total survey scores for both self-management (p 5 0.02) and self-efficacy (p 5 0.02) demonstrated significant improvements; a subscale for information management also demonstrated significant improvement (p , 0.001).
Standard protocol approvals, registrations, and patient consents. Approval was obtained from the University of California San Francisco Committee for Human Research Institutional Review Board and the San Francisco VA Medical Center Research & Development Committee. All participating patients gave informed consent through an online process. Prospective participants entered the study through a Web site, which initially required an e-mail address and unique username. They were presented with an electronic version of the approved informed consent document; an electronic "signature" of approval was required to enter the study, and this action was date-and time-stamped. The trial was registered at www.clinicaltrials.gov (NCT01762215).
Procedures. Potential participants were primarily identified using administrative ICD-9 diagnostic code data for epilepsy and seizures within the Veteran's Integrated Service Network 21 (VISN 21), a region covering the western United States and Pacific, and were contacted by mail and/or phone. Patients were also identified through VA partner hospitals in VISN 17 (Texas) and VISN 6 (Virginia and North Carolina). For the identified cohorts, patient addresses, telephone numbers, and e-mail addresses, if available, were obtained. Per VA research policies, patients were mailed a "Dear Patient" letter inviting them to participate and a prestamped "opt-out" card to decline participation. If the opt-out card was not received back within 3 weeks, investigators attempted to follow up by phone.
Additional participants were recruited through paper and digital advertisement. The Web site www.poemstudy.com provided a study description, participation requirements, and online informed consent process. Eligibility was self-reported using online screening questions, and respondents who were not a US veteran, diagnosed with epilepsy (seizure disorder), or 18 years of age or older were excluded from participation.
Following informed consent, participants created a PLM account and performed baseline assessments. Participants who completed a follow-up assessment around 6 weeks later were given a $50 Amazon gift card.
Intervention. In addition to existing epilepsy-specific tracking tools, forums, and educational materials, POEM (Policy for Optimized Epilepsy Management) study participants had the option of receiving a special "veteran" designation, being part of an exclusive veteran discussion forum, and obtaining specialized information about epilepsy care within the VHA Epilepsy Center of Excellence system. Participants engaged with the Web site functions as much or as little as desired during the 6-week study period; participants received newsletter e-mails from PLM but were not contacted by study investigators.
On the basis of a small pilot study (n 5 40), patient-reported outcomes on perceived self-management skills were assessed using 2 previously validated surveys, which served as co-primary outcome measures: the Epilepsy Self-Efficacy Scale (ESES) and Epilepsy Self-Management Scale (ESMS). 11 The ESES is a 33-item questionnaire that measures a patient's confidence in managing their own care related to their epilepsy diagnosis and contains 3 subscales: medication management (e.g., compliance), seizure management (e.g., managing triggers), and general management (e.g., attending appointments). An example ESES item reads "I can always take my seizure medication when I am away from home." The survey responses are graded on an 11-point Likert scale, with 0 5 I cannot do, 5 5 moderately sure I can do, and 10 5 sure I can do (range 0-330). The ESMS is a 38-item scale that assesses a patient's frequency of self-management behaviors and includes 5 subscales: medication (e.g., side effect management), information (e.g., tracking seizures in a diary), safety (e.g., avoiding hazards), seizure (e.g., planning self-care), and lifestyle (e.g., sleep, diet). An example ESMS item reads "I write down how often I have seizures and when they occur." This questionnaire is graded on a 5-point Likert scale, with 1 5 never do and 5 5 always do (range 38-190). Higher scores in both instruments indicate better self-management capabilities.
Using data from the pilot study, we determined a target sample size of approximately 250 participants to adequately test the study hypothesis, assuming an approximate 6-week study completion rate of 40%.
Participants also completed a user satisfaction survey, 14 which assessed benefits that the platform may provide. Site usage was continually monitored throughout the study, including number of participant logins, posts to a public forum, profile comments to another user, and private messages sent to another user.
Data analysis. Baseline characteristics of the study population were summarized using standard descriptive statistics. Characteristics of completers and noncompleters were compared using t tests for continuous variables and x 2 tests for categorical variables. For all survey questions, participants were given the option of answering "not relevant" or "prefer not to answer," and a variety of approaches were used to address missing data. First, analyses were performed using mean Likert scores for all items that were answered in a given scale, ignoring items that were not answered. Second, mean responses from items that were answered were used to calculate extrapolated full-scale and subscale scores. Third, sensitivity analyses were performed excluding participants who replied "not relevant" or "prefer not to answer" for more than 10% of the items in a given scale.
Results were similar using all statistical approaches; therefore, only results using the extrapolated scores are reported in the results section. Our primary analytic approach was maximum likelihood random-effects regression with time as the independent variable. Both intention-to-treat (ITT) and completer analyses were performed. For ITT analyses, we took the conservative approach of assuming zero change for study participants who did not complete the follow-up survey. We decided a priori to use a p value of 0.05 for both of our co-primary outcomes, and to use Bonferroni-corrected p values of 0.01 for the 5 ESMS subscales and 0.0167 for the 3 ESES subscales. Finally, exploratory analyses were performed to identify baseline factors associated with change scores for each of our co-primary outcomes. All analyses were performed using Stata/SE version 12.1 (StataCorp LP, College Station, TX).
RESULTS A total of 453 individuals registered, of whom 204 were excluded (14 opted out, 51 did not consent, 68 were not veterans, 22 did not have epilepsy, 28 did not complete the initial survey, and 21 were identified as duplicates or invalid) and 249 (55%) were enrolled (figure). Of 249 enrollees, 92 (37%) completed the follow-up survey and were included in completer analyses.
The mean age for the eligible participants was 50.2 years (SD 13.9), and approximately 80% were men (table 1) . Most participants (75%) were non-Hispanic white, more than half were married, and approximately one-quarter had children (table 1) . Nearly one-third reported their health status as fair or poor, and nearly two-thirds were not working for pay or were receiving disability income. Completers were slightly more likely than noncompleters to have received education beyond high school (83% vs 72%, p 5 0.055) although this was not statistically significant. There were no other demographic or baseline survey scoring differences between completers and noncompleters (table e-1 on the Neurology ® Web site at Neurology.org).
We observed statistically significant improvement in both of our co-primary outcomes of the full ESMS (self-management) and ESES (self-efficacy) scores (table 2) . ESMS total scores increased 1.1 points (p 5 0.02) in the ITT analyses and 2.9 points (p 5 0.02) in the completer analyses. Similarly, ESES total scores increased 3.6 points (p 5 0.03) in the ITT analyses and 10.2 points (p 5 0.02) in the completer analyses. The subscale with the greatest improvement was information management (ESMS-IM), which increased 0.9 points in the ITT analyses and 2.1 points in the completer analyses (both p , 0.001, table 3). The greatest ESES improvement was general (table 4) . The median number of logins for completers was 5 (range 0-80). Of this group, 15.2% posted a comment on the publicly visible forum, 8.7% left a profile comment on another study member's personal page, and 29.4% sent a private message to other members of the PLM community. PLM usage was significantly higher for completers than noncompleters, including median number of logins, posting to forums, leaving profile comments, and sending private messages (table e-2). However, in the completers, number of logins and most other usage statistics were not significantly associated with a change in outcome measures. In exploratory analyses, the only factor that was significantly associated with a change in ESMS or ESES scores was baseline scores, such that scores improved more in participants with lower scores at baseline (i.e., those who had more room to improve). All results were similar in sensitivity analyses that excluded participants who replied "not relevant" or "prefer not to answer" for more than 10% of the items in a given scale (data not shown).
Table e-3 provides answers to a user satisfaction questionnaire that was administered at the end of the follow-up survey. More than one-fourth of completers said that they had met a new person with epilepsy on the Web site, and 10% considered this new person to be a friend. Nearly half agreed or strongly agreed that PLM gave them more or better control over their condition and helped them understand their seizures (table e-3). DISCUSSION We found that veterans with epilepsy who enrolled in an online patient community reported statistically significant improvements in previously validated self-efficacy and self-management measures. The greatest improvement was seen in information management, which includes the use of a seizure diary, tracking side effects, and tools for medication adherence. This result potentially demonstrates that study participants believed that the availability of online tracking tools or social support mechanisms improved their self-management capabilities.
The study demographics were largely reflective of the general US veteran population. The mean age and sex were not unexpected, although we had anticipated that a younger cohort of patients, such as Veterans from Operation Iraqi Freedom and Operation Enduring Freedom, might be more attracted to the concept of a digital health platform. These results indicate that the platform was accepted and used by a broad cohort of patients. Furthermore, there was no demographic difference between study completers and noncompleters, indicating that the older patients participated at the same rate as younger patients (table e-1). Overall, our study population is quite different from the existing nonveteran epilepsy population on PLM, indicating that patients who are offered this type of service through their health care providers might overcome some of the self-selection bias typical of online communities. a Data missing as follows: education (n 5 1), health status (n 5 6), marital status (n 5 5), work status (n 5 13), household income (n 5 29), and disability income (n 5 10). It was not unexpected that study completers used the platform more throughout the study period, although primarily in a smaller group of users who were highly engaged. These observations are consistent with the previously described trend in online platforms that attract a small cohort of "super-users," while average participants engage less frequently, in a more passive fashion. 15 About half of our participants agreed that PLM gave them more or better control over their condition and helped them understand their seizures, similar to results seen in an earlier study in a nonveteran population. 14 Although we did not formally assess the potential for harm, no patient complained of any adverse effects. Site usage was entirely voluntary throughout the study. Abbreviations: CI 5 confidence interval; ESES 5 Epilepsy Self-Efficacy Scale; GEN 5 general self-efficacy; ITT 5 intentionto-treat; MED 5 medication self-efficacy; SEIZ 5 seizure management self-efficacy. Mean change scores and p values based on maximum likelihood random-effects regression with time as the independent variable. a Statistical significance for ESES subscale scores was set at 0.0167 a priori to account for multiple comparisons.
Although our exploratory analyses did not demonstrate a statistical association between the improved outcomes and engagement on the social elements of the platform, we speculate that these features are worthy of further evaluation. The value of traditional "offline" social support networks for patient selfmanagement has been demonstrated in earlier studies for epilepsy and other chronic conditions. [16] [17] [18] [19] Psychosocial interventions that improve self-management have previously been demonstrated to improve the health of the chronically ill. [19] [20] [21] Furthermore, social interactions have also been directly correlated with improved levels of self-efficacy in the epilepsy population. 10 Because this study was powered for detecting changes in the primary outcome measures, we believe that it would be inappropriate to conclude that social interactions on the forum did not affect the improvements. In fact, this work supports further hypothesisgeneration and dedicated research on the specific impact of a social network "dose effect" on healthrelated outcomes.
For both the total ESMS and ESES scores, the overall improvements were modest, with the ESMS significance being driven primarily by the information management subscale (table 3) and the ESES more by the general self-efficacy subscale (table 4) . Information management is more aligned with the features of the PLM platform (tools for condition tracking), and general self-efficacy (overall confidence in health management) is more consistent with the expected benefit of participating in PLM. We also note that our results share similar magnitudes of change when compared with other, more directive and resource-intensive education and diseasemanagement platforms that have utilized the ESMS and ESES measures. 7, 8 With evidence of improved self-management capabilities, it is reasonable to hypothesize that this type of online intervention could positively affect other metrics of epilepsy health, such as health care utilization, morbidity, and even epilepsy-related mortality. For our study, we believed it was premature to examine these outcomes since a foundation of validated research did not yet exist. Based on our results, we think that it would be compelling to explore more objective metrics of epilepsy-related health, such as emergency services utilization, frequency of interactions with epilepsy care teams, and medication adherence. Indirect effects of improved psychosocial support, such as work productivity, absences from work or school, and measures of social integration, might also be interesting measures to investigate.
The study had several limitations including selfreported validation of diagnosis, although most participants were recruited through VA databases and automated detection methods were used to flag suspect registrations. The outcome measures were also self-reported, although they have previously been validated and used in multiple epilepsy studies including controlled trials. Future research into whether clinical outcomes correlate with self-reported behaviors following PLM intervention would be valuable.
The time period of 6 weeks may have been too brief to accurately gauge long-term changes in selfmanagement behaviors. We chose this time period based on the feasibility of engaging patients in the pilot study and on similar studies that used a 6-week trial period. 8 We aimed for a reasonable balance of exposure, considering that some patients might primarily benefit from an initial online experience while others might establish a longer-term connection through the platform.
We also note that the rate of second survey completion only reached 37%, despite the use of an incentive for full study completion; this might represent an enriched sample of those who benefited from the platform. However, this completion rate was not unexpected based on similar results from a small pilot study conducted in 2012; in fact, the sample size targets for the full protocol were based on an approximate completion rate of 40%. Furthermore, we note that other research studies and reviews in this domain have previously reported similar completion rates 11, 21 over the same time frame, highlighting the expected attrition that occurs with digital interventions. 15 We have not yet conducted quantitative assessments of the reasons for this attrition, but that exercise would be an appropriate next course. We attempted to statistically control for attrition by assuming no benefit in those who did not complete the second survey for the ITT analysis.
Finally, we acknowledge that we did not include a control group in this investigation because any patient assigned to a "wait list" could access PLM independently outside of the study mechanism, thus exposing the control group to the intervention.
Despite these limitations, we contend that this study provides foundational evidence for the potential benefits of online patient-driven communities and self-management platforms for epilepsy. Traditional medications and other technological interventions will remain essential elements of epilepsy treatment, but there is a growing recognition of the importance of psychosocial support, education, and self-management tools for patients. 21 Despite this, many patients with epilepsy are not provided with adequate access or resources under our current health care ecosystem; as Mittan 21 asserts, "the greatest problem among psychosocial treatment and educational programs was that only a handful of these interventions were ever put into general use." He suggests that the economics of reimbursement and the professional time required to conduct these interventions impedes widespread adoption. As a cost-effective and more time-efficient alternative, online networks and management platforms offer more ubiquitous accessibility and a larger support system than traditional methods.
If patient engagement is, as some claim, the "blockbuster pill of the 21st century," 22 how will we support its development and implementation? If digital communities and online self-management tools do have the potential to improve clinical outcomes, then we have a shared responsibility to rethink our current health care ecosystem, focusing on new methods for incentivizing interventions that are proven to benefit patients.
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